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(g) Process for the preparation of a polyoxymethylene terpolymer. 

(57) A process for the preparation of a polyoxymethylene terpolymer having a high degree of polymeri- 
zation and improved heat stability comprises copoiymerizing trioxane as a principal monomer with a 
cyclic ether or cyclic formal as a comonomer and a polyfunctions glycidyl compound having at least 
two epoxy groups in its molecule as a third component in the presence of boron trifluoride or a 
coordination compound thereof as a catalyst, the total amount of the impurities causative of the 
formation of unstable ends contained in the reaction system^ being regulated to 1 x 10" 2 mole % or 
below based on the whole amount of the monomers; the catalyst for the co polymerization being used 
in an amount of 1 x 10 -3 to 1 x 10~ 2 mole % based on the whole amount of the monomers ; and the 
• copolymerization being followed by the cooling of the product to a temperature of 45°C or below within 
30 seconds to deactivate the catalyst. 
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9reJZX^^^^;^^ Po.yox r t hyte ne terser having a high de- 
of a po.yoxymethylene terpo.ymer which has So ^de £ of 'I * re ' ateS * " Pr ° CeSS f ° r the prep3ration 
and contains an extremelysJal. « c unsta^ "T^ ^ ^'i* 
5 merization conditions and a specific treatment for fh« • ♦ f invention employs specific poly- 

of trioxane, a cyclic ether or eye c ■S^TS^T^, **** thS ca «<>™ copolymerization 
groups in its molecule * po,yf unct,onal impound having at least two epoxy 

forth^dT^ 

io acetal such as tnoxane as a Z^TJZlZ T 33 P ° M) 9enera " y COmprises usin 9 a «** 

atoms as a comonomer furll S, a chaTn ran"!" CyC " C aCetal * 3 flW "° rthsr h3Vi " 9 3d * cent carb °" 
pending on the purple copol^lo ; h ha "l transfera 9 entfor c o"^olling the degree of polymerization de- 
bringing the *i£S£2^ a " d «-n 
thereof to thereby deactivate the same neutralizing or deactivating agent or a solution 

therefore necessary to ££^ I £^V^^^ * » * 

consuming much energy, thus resulting in Tn econon^t 1 h ' T r""* 8 com P! ,cated Post-treatments 
' small amount of unstable parts after ^Z^Z7LZ P ° M C ° P ° ,ymer COntainin 9 a 

the final product has an U^^J^^Zf^l copolymenzat.on brings about advantages such that 

According.y it has been reXd to devetop T ? St3bi,i2ation can b * -""l-mad. 
of unstable parts can be obtained To sat Zi t^Z TT** Wh6reby 3 P ° ,ymer witn a sma,j amou "t 

for preparing a crude J^?^™"^; ™*° * develop a process 

it is preferable to effect polymerization while minTmlTno th» ^ For example, it is believed that 

though there is a limit to this Method There 7 ! '^'^ the P° lvmeri zation system, 

or above) (see, fo'r exampLTs^^^^^^ 

some and difficult per se to pulverize the whole of th»™Z , . )- However ,l 15 highly trouble- 

ing to the present inventors' stud f urthe^o ! 1 1 „ polyrnerlzat,on P«*"«* into fine particles. Accord- 
a relatively high temped a f^e ^S^^ 9n r ,f r ed deaCtivation treatment at such 

case of vi , terpolymerwf ^TtheobZ^Z^^ '" I °? " " 0t preferable also in f he 

atfcely high temperature (for example 50 °C or JET) wZS ^ ^ 'T^' 00 t "* tment 3t 3 rel " 
therto, unexpectedly exerts the adverse effe^M Wn,Ch 1 has been Proposed as a preferable method hi- 
of the. catalyst through T!2^S^^^ '"Tt* i" COmpetiti °" be tween the deactivation 
erentially proceeds in parfcuta a a hioh tlo^T P T°" S * 6 reSidUa ' C3talySt ' the latter react ion pref- 
beforethedeactivat on^ inc,udi "9 the decomposition occur 

a short period of time in the sfo of^he USSSSZtT ' d . eCOmp ° Sed by * he reSidual ^alystwithin 
Potion ofthe main chain and me formaSn^ 

po.ymertv^^ SSSJTS T * 3 P ™ - 

amount of unstable ends ^whe^ebt ^^^S^S^T^-T 1 C ° ntainin9 *° 6Xtreme,y Sma ' 1 
have found out that side reart onl indudma Z m T P ^ b6 ' 3rgely reduced - As a resu| t- they 

the above-mentioned factors for the poZerizatio^ ^Ind th!! c "!f ?^ ^ C ° mbined these findi "9 s with 
mer having a high degree cJ^ZtoS^ SSS? thepreparation of a Polyoxymethylene terpoly- 
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two epoxy groups in its molecule as a third component in the presence of boron trifluoride or a coordination 
compound thereof as a catalyst, characterized in that the total amount of the impurities causative of the for- 
mation of unstable ends contained in the reaction system is regulated to 1 x 10~ 2 mole % or below based on 
the whole amount of the monomers, that the catalyst for the copolymerization is used in an amount of 1 x 
lO^ to 1 x 10- 2 mole % based on the whole amount of the monomers and that the copolymerization is followed 
by the cooling of the product to a temperature of 45°C or below within 30 seconds to deactivate the catalyst. 

The present invention is characterized in that the amounts of the impurities and the catalyst contained in 
the reaction system in the polymerization are each maintained at a given level to thereby suppress the decom- 
position reaction during the polymerization and that the reaction product is immediately and quickly cooled un- 
der given conditions after the completion of the polymerization to thereby extremely slow down and suppress 
the side reactions including the decomposition which occur before the progress of the neutralization and de- 
activation of the catalyst. 

Examples of the impurities causative of the formation of unstable ends of monomers in the polymerization 
include water, alcohols (for example, methanol) and acids (for example, formic acid). It is necessary that the 
total amount of these impurities be regulated to 1 x 10~ 2 mole % or below, preferablyS x 10- 3 mole % or below, 
based on the whole of the monomers. As a matter of course, ah excessively large contentof these impurities 
is not preferable for obtaining a POM copolymer containing a small amount of unstable ends. 

In the present invention, the molecular weight of the POM copolymer can be controlled to a desired level, 
if necessary, by using a chain transfer agent forming no unstable ends, for example, a low molecular weight 
linear acetal having alkoxy groups at its both ends, such as methylal. 

The amount of the catalyst to be used in the polymerization is another important factor. As the catalyst, 
boron trifluoride or a coordination compound thereof which are commonly employed may be used. It is nec- 
essary that the amount of the catalyst be regulated to 1 x 10~ 3 to 1 x'10" 2 mole %, preferably from 1 x 10~ 3 to 
7 x 1 0~ 3 mole % and still preferably from 1 x 1 0~ 3 to 5 x 1 Ch 3 mole %, based on the whole of the monomers. It . 
is effective in preventing the formation of unstable ends to regulate the amount of the catalyst to be in the range 
as specified above. When the amount of the catalyst exceeds 1 x 10~ 2 mole %, the polymerization temperature 
can be hardly maintained at an appropriate level and the decomposition reaction preferentially proceeds, which 
makes it difficult to give a polymer containing a small amount of unstable ends. On the other hand, an amount 
of the catalyst smaller than 1 x 1 Ch 3 mole % slows down the polymerization and lowers the polymerization yield 
within a given period of time, which is undesirable. 

To fully achieve the effects of the present invention, the polymerization temperature is another important 
factor. It is desirable that the polymerization temperature be maintained substantially from 60 to l65°C, pre- 
ferably from 65 to 100°C, throughout the polymerization period. Since the polymerization temperature closely 
relates to the amount of the catalyst, it can be controlled to be almost within this range by regulating the amount 
of the catalyst to the level as specified above under common conditions, for example, within a jacket temper- 
ature range usually available on a general industrial scale with the use of an aqueous medium. Accordingly, 
an appropriate polymerization temperature can be achieved without any particular specification. Strictly 
speaking, however, it is preferable that the polymerization temperature be maintained within the range as spe- 
cified above by taking into consideration secondary factors other than the amount of the catalyst, for example, 
reaction scale, structure of the polymerizer and jacket temperature. 

In the present invention, the polymerization is not particularly restricted in conditions other than those as 
specified above but can be effected in accordance with publicly known methods. 

The cyclic ether or cyclic formal to be used as the comonomer is a compound represented by the following 
general formula: 

R 2 -C-0 ■ 
. . R 3 -C-(R 5 ) p 

wherein R1, R2, R3 and R4 may be either the same or different from each other and each represents 
a hydrogen atom or ah alkyl group, though they are hydrogen atoms in general; and R5 represent a methylene 
group or an oxymethylene group which may be substituted by an alkyl group (in this case, p is an integer oT* 
from 0 to 3) or a divalent group represented by the formula: 
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wherein p is 1; and q is an SS i^^^ 
die. for^^ ^hyiene gIy co, forma., 1 ,4-butane- 

5 and diethylene glycol foJaZT b e Td a sT^ % OX,de ' 1 ' 3 - di ° XO,ane ' 1.4-butanediol formal 
am_m 8£ to 10 % by^ S^.^Sj^ZS" ^ " " 

.-,1^^^^ HU 9 %^ea s r eXToups in its mol- 

glycidyl groups in its motecute aToreferlf Th 9 * * C ° mpound ' 9^ ef h^ having at least two 

« rived from pdlyhydricXhatte SJST^ T compounds are polyfunction^ glycidyl compounds de- 
lene glycol diglyddyl eZ 1 4 buTvnediS 7T 1 ^ inCM6 ethylene 9 ' yC01 di9,yCidyl ether - PW 
' tetrag'ycidy, S£ F U rthe r ^n^^ItTd heXa , m . ethylene di 9'y-^' -".nd pentaer^hnS. 
therefor. As examples thereof reso^ ^. w , T fr0m P 0 ^"' 0 ^matic alcohols are usable 

thermore, po.yTunc^S V,! f^ 6 ™' A d, ' 9 ' yCidyl ether may be cited " F - 

15 thereof, i^yJftyl^XSdfaXL^-lS™? " P °' yalky,ene are usable therefor. As examples 

giycidyl ether may be ^ ^^^SiSlTST ^ di9,yCidy ' * 
5% by weight, prLrab.y ^^CIS^'S^ ^ " ^ "™ °™ " 

. PC-* ™ the USS * «» Pactional g,ycidy, corn- 
molecular weight and shows a e*reS Z Zfinw , " structure. Although it has a high 
under usual conditions (rtTo^SSSSSSS? ST I ^ 9/10 ^ " ^ Whe " determin ' d 
a high load (high shear ate). Thu it scarry su Tr^rliT * ™ "'^V and 3 f, ° Wability unde ' 
the breakage of the major chain W " flht ^ ^ f ° r exam P le ' 
melt kneading such as extrusion o meJZldinnt ^ 2 the P ost - treat ™nt stages wherein 
which has a high molecular we^h anlT ^SE^C^^ V* * Suitablef -9-ing afina, product 
high melt tension, which makes ft suitable^"^^ a 

stable ends, can be used without causTnq anv troS T V?™ ^ WhiCh forms no un " 

transferagentwhichformsunstebeTd^ However the amount of a chain 

of the active impurities as spelme; aboCe ^ * * W, ' th,n the r3n9e ° f the Coptent 

methodTt'hTet^ inV6nti ° n be effected f using the same equipment and 

. the batch and ^Z^^^^^^Z^ "IT™"™ a " y °< 

merization methods may be employed Z ^uZ Sl T" P ° lymerization ™« bulk poly- 
are used and a powdery solid polymer is Mat ed as ^thJ ^ " m6th ° d| Wh6rein ' iquid monomere 
Ployed industrially and may be cited as a nrefe^Ue one Tn tZ^T" bMn 9enera,,y em ' 
an inert liquid medium, if necessary preferable one - ,n th ' s case, the reaction system may further contain 

been^mTu:™ - 
other hand, those which have been th, ^2^ ^?' * ' ^ °" ^ 

for example, a Ko-neader. a twin-screw type Polymerization of trioxane. 

uous mixer can be used In the case of a cio^H JIT ■? 3nd 3 tw,n - screw Paddle type contin- 

preferable to use an apparatus h^ng a Tnll TezJ T TT * ^ ™ MB Sta96S - 11 is P articul -'y 
zation can be obtainedTn the forn Z Seles ^ "'^ P °' ymer formed by the polyme "- 

™:ieVe^ the post-treatment conditions are also high.y im- 

merizationshou,dbec^ 

a temperature of 45°C within 20 seconds and V Wlth,n 30 seconds - Preferably to 

term-afterthecom P .etioTo ^pSSS^^Sj^ * ran96 ° f 35 t0 15 ° C Within 30 seconds - Th.' 
which is substantial hermeticaYylsed" ^me" a th ^ 406 P ° ,ymen ' Z6r 
tact with the atmosphere containing oxyger^ ^an7molure or^ml T^' 0 " miXtUre ' S br0U9ht into con " 
the more desirable. It is particularly ZoSnt to Thi ten thl n ^7^°" T * ^ C °° ,in9 rate is 
a high temperature, .t has been X^^lnthe^na^ ? ™ ° f h °' din9 th6 r6aCti °" mixture at 
ature of 50=C or above as the on^ ^pr P osed hTthert^ IZ r 9 T pMat > at such a high temper- 

for neutralizing or deactivatfng t h ^ addi ^ Tf," 3 pr ! ferentia,ly P rocee ° ^en when an agent 
or a decreaseln the deg ree ^^!^^^T^ t ^T U daC .° mpGsition * *• proouct 
be sufficiently suppressed PO,ymen2at, ° n ,nduced thereb y and *"e formation^ new unstable ends cannot 
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These side reactions including the decomposition the more preferentially occur at the higher temperature. 
At a high temperature immediately after the completion of the polymerization, in particular, the moisture con- 
tained in the atmosphere in contact with the reaction product accelerates the side reactions and adversely af- 
fects the reaction product. Therefore it is undesirable to expose the reaction product to an atmosphere con- 

5 taining moisture at a high temperature even when the moisture content is similar to that of the air. Therefore, 
the situation of an inert atmosphere substantially free from moisture should be rather regarded as continuance 
of the polymerization. In such a case, the extent of the side reactions is reduced, even when the cooling rate 
is relatively, low. Thus the reaction product may be sufficiently cooled in such an atmosphere substantially free 
from moisture and then brought into contact with a neutralizing or deactivating agent for a sufficient period of 

10 time to deactivate the catalyst. Even in the presence of water, however, it will surface when the product is quick- 
ly cooled so as not to be held at a high temperature. To cool, the product most quickly, it is generally effective 
to immerse it in a large amount of a liquid at a low temperature. It is particularly effective in the quick cooling 
to use an aqueous solution of a large heat capacity. As described above, the presence of water is not preferable 
regarding the side reactions at a high temperature. However, a relatively large amount of water is a preferable 

15 medium from the viewpoint of cooling rate. When the high temperature period wherein the side reactions pref- 
erentially proceed is shortened, the cooling with an aqueous solution becomes rather effective. 

As a matter of course, it is preferable to add a basic compound for neutralizing or deactivating the catalyst 
to thereby effect the neutralization and deactivation of the catalyst simultaneously with the cooling. 

In the stage of the substantial cooling, it is preferable as a matter of course that the reaction product, in 

20 particular in the case of a, bulk polymer, be pulverized. It is most.favorable when the discharge from the poly- 
merizer has been finely divided. When the product is in the form of relatively large particles, it is preferable to 
quickly pulverize the product after the discharge from the polymerizer, particularly in the cooling medium (for 
example, in water) in the early stage of the cooling. 

When the reaction product is quickly cooled to a temperature of 45°C or below, preferably from 35 to 15°C, 

25 according to the process of the present invention, the neutralization and deactivation of the catalyst can be 
effected over a sufficient period of time without causing any side reactions. After the complete deactivation 
of the catalyst; the reaction product scarcely suffers from a decrease in the degree of polymerization due to 
side reactions or the formation of unstable ends even when the temperature is elevated in the subsequent treat- 
ments, unless an acidic medium is employed. Thus it can be washed and dried at a relatively high temperature. 

30 On the other hand, an extremely low temperature of 10°C or below is not preferable, since the deactivation 
proceeds only extremely slowly and thus requires a long time. 

As the basic compound for neutralizing and deactivating the polymerization catalyst in the present inven- 
tion, ammonia, amines such as triethylamine, tributylamine, triethanoiamine and tributanolamine, hydroxides 
and salts of alkali metals and alkaline earth metals and other known deactivators for catalysts can be used. It 

35 is preferable that these deactivators be dissolved in the cooling medium for the reaction product, for example, 
water or organic solvents such as cyclohexane, benzene or toluene and brought into contact with the catalyst 
simultaneously with the cooling of the polymer to thereby neutralize the catalyst. It is particularly preferable 
to use water as the solvent. 

In the present invention, the deactivation of the polymerization catalyst may be followed by the washing 

40 of the copolymer, the separation and recovery of unreacted monomers and drying, if required. Further, the 
copolymer is subjected to the stabilization step, if required, and various additives such as stabilizers are added 
thereto. Then it is melt kneaded and pelletized to thereby give a final product. As described above, the POM 
terpolymer of the present invention contains ah extremely small amount of unstable ends, has a high flowability 
in the step of melt kneading regardless of its high degree of polymerization (low melt index) compared with a 

45 linear polymer, undergoes little exothermic decomposition due to a high shear force and thus relieves the load 
of stabilization treatment. Accordingly, a sufficiently stable polymer can be obtained by simple finishing oper- 
ations. In addition, the unstable parts remaining therein can be volatilized off during the melt kneading extru- 
sion for the addition of stabilizers, etc. 

According to the process of the present invention, a stable POM terpolymer which has excellent heat sta- 

50 ability, an extremely high degree of polymerization and a melt index (Ml) of 1.0 g/10 min or below, or even 0.05 
to 0.5 g/10 min (as determined at 190°C under a load of 2160 g), which has been unattainable by any conven- 
tional method, can be obtained and thus a resin material which can be processed by special molding techniques 
such as extrusion molding or blow molding can be provided. 

The POM terpolymer obtained by the process of the present invention, which has an extremely high degree 

55 of polymerization in terms of a Ml of 1.0 or below (or even 0.5 or below) and a highly excellent heat stability, 
makes it possible to give a molded article of a high performance and excellent qualities, which has been un- 
attainable by any conventional method. Further, the terpolymer contains no more than a small amount of un- 
stable parts and thus the post-treatments can be simplified and the obtained final product has an improved 
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Examples 

amp^e *' h **«~ ^ way of Nation, the Mowing Ex- 

a m pLsVre?sfo,rr he ^ "* determi " atio " <^ed in the Examp.es and Comparative Ex- 

10 

% or ppm: 

on weight basis unless otherwise noted. 
15 Polymerization yield: 

the ratio (% by weight) of the obtained polymer to the whole of the feed monomers. 
Melt index (Ml): 

w 

a value (g/10 min) determined at 190°C under a load of 91 fin « if ; , , , 
sponding to molecular weight Namelv a S r ? 9 ' eva,uated a character corre- 

Alkali decomposition rate (content of unstable parts): 

Heat weight loss: 
tytpheno?^^ 

minutes, the weight loss JSdSSh ed. ' th6reW ' th - Af * h6atin9 h the air at 220 ^ for 45 

Examples 1 to 9 and Comparative Examples 1 to 3 

two cSe^ f ™ ided • having a cross-section consisting of 

WdandL^^^S^S,™ eXterna J Jacket throu 9 h which a he * (cooling) medium was 
major axis in the ba 2 FS2£n^JS^,r^ Padd,6S ,0Cated h the direction of *. 
rotated at 100 rpm. From oneTnd ofthe rSacS trif T ■ *" ** th6 tW ° r ° tatin 9 shafts we '* 

and each oolvfunctlona. ^^Z^^'^^J^^. 3 3% of 1 -3-dioxolane as a comonomer 

transfer agenVwere ooJ^^^J^^^TL \?*T? f ^ 38 3 ° hain 

in cyclohexane was supplied from the sal IlJ oOh ?' t S '° IUt '° n ° f b ° r ° n trifluoride but y' ether ate 
the bas f of the whole ofthe^rn^Tus 8 ^ 

mono^ Sh ° WS ana,ytiCa ' d3ta °" tHe C ° m ^ ents a " d a — ts of the impurities contained in the feed 
the discharge Then the re^ull^ 

the discharge and to 30»C w 2 Ssl eS^r^^ l ° ^ W '' thin 2 ° —"Rafter 
minutes. After centrifuging and dry^ t^^^ ^ * "* *"""'"" ** 30 

Table 1 shows the MyrriSrization yields and the properties of the obtained polymers. 
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Examples 10 to 16 and Comparative Examples 4 to 7 

Polymerization was effected under the same polymerization conditions as these specified in Example 2 
or 7 (Table 1) but the conditions for the deactivation following the polymerization were varied. Namely, the re- 
action product discharged from the outlet of the polymerizer was mixed with ah aqueous alkali solution as spe- 
cified in Table 2 under pulverizing and the catalyst was deactivated under the temperature conditions as spe- 
cif ied in Table 2. 

The temperature (cooling) conditions were achieved by controlling the temperature and amount of the em- 
ployed aqueous alkali solution and, furthermore, effecting multi-stage addition while varying the temperature. 
After cooling and stirring at the specified temperature for 60 minutes, the product was centrifuged and dried 
to thereby give the final polymer. Table 2 shows the properties of the polymer thus obtained. 
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Claims 
1. 



whirh 1 Preparation of a polyoxymethylene terpolymer having a high degree of polymerization 

wh,ch compnses copolymerizing trioxane as a principal monomer with a cyclic ether or cyclic^orma as 
. comonomer and a po.yfunctional glycidyl compound having at .east two epoxy groups in s moTecute 
as a third component in the presence of boron trif luoride or a coordination compound thereof al a^telyst 

ta ne" nT re" T *" I^' amOUnt ° f ^ imPUritieS CaUSatlVe ° f the fo ™ atio " <* «SE ent con- 
tained m the reaction system ,s regulated to 1 x 10-2 mole % or be|ow based Qn 

basedTn^ h , 6 C3talySt «* 0, > m ^*» - -ed in an amount of 1 x 10- 0 1 X T" m l % 

the Id t T ° f m ° n0merS and th3t the copdymerization is followed by the coZ g o 

the product to a temperature of 45°C or below within 30 seconds to deactivate the catalyst. 

2. A process as set forth in claim 1 , wherein the po.yfunctional glycidyl compound having at least two eooxv 
groups in its molecule is diglycidyl ether. navmg at least two epoxy 

3. Aprocess as set forth in claim 1 or claim 2, wherein the cyclic ether or cyclic formal comonomer is selected 
from ethylene ox.de. 1,3-dioxolane, 1,4-butanedioi forma, and diethylene glycol f ^ n ° mensselected 

4 ' ™ZTf 33 Tk^J" Precedin 9 claim ' wherein «» total amount of impurities causative of the for- 
mats of unstable ends ,s regulated to 5 x 1 0- mo.e % or below, based on the whole of the monomers 

5 ' Co-Ty! ini 64 ? rt .5 'k PreCedin9 C ' aim ' Wherein the amount of the cata 'vst 'e regulated to 1 x 
1 0-3 to 5 x 1 0-3 mole %, based on the whole of the monomers. U 

6. A Process as set forth in any preceding claim, wherein the melt index of the terpolymer is 1 0 g/1 0 min or 
below (as determined at 190°C under a toad of 2160 g). 

? ' i^^SHr-T PreC6din9 daim ' Wh6rein * -ducted at a temperature 

3. A process as set forth in any preceding claim, wherein the cooling of the product after the completion of 
the copolymenzation is conducted with a low-temperature solution of a basic compound 
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